Journal of the Korean Ceramic Society
Vol. 45, No. 1, pp. 75~81, 2008.

Mechanical Properties and End-milling Characteristic of AIN-hBN
Based Machinable Ceramics

Si-Young Beck, Myeong-Woo Cho, and Won-Seung Cho*'

Division of Mechanical Engineering, Inha University, Inchon 402-751, Korea
*School of Materials Science and Engineering, Inha University, Inchon 402-751, Korea

(Received January 7, 2008; Accepted January 11, 2008)

AIN-hBNA| HA[LE Mztgao| 7[AHY SH

WA - Y -
Asiehsta 71AF
*90] o].\:].]tsl_;g_ A]AZH a3}

~
A

0089 19 79

2008 1€

3 ol

3 sy 7t2

o

o 8ot

A
e

t'ﬂ

or5-
LX)
=8

1Y 9

ABSTRACT

In this study, machining characteristics of AIN-hBN composites were evaluated in end-milling process. As a first step, AIN-hBN
composite specimens with various hBN contents were prepared using hot press method. Material properties of the composites, such
as relative density, Young’s modulus and fracture toughness, were measured and compared. Then, a series of end-milling experiments
were performed under various cutting conditions by changing cutting speed, depth-of-cut and feed rate. Cutting force variations were
measured using a tool dynamometer during the cutting experiments. Machined surfaces of the spec1mens were observed using SEM
and a surface profiler to investigate the surface integrity changes. The cutting force decreased with an increases of hBN content. The
cutting process was almost impossible for monolithic AIN, owing to severe chipping. In contrast, at high content of hBN, surface
damage and chipping decreased, and better surface roughness can be obtained.
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Fig. 1. SEM photographs of starting powders ; (a) AIN, (b)
hBN.
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Fig. 2. System setup for measuring cutting force ;
(a) experimental apparatus, (b) end-milling process.
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Table 1. Cutting  Conditions for Evaluating End-milling

Machinability
c Feed rate (mm/min) 30 60
utting : :
condition Cutting speed (m/min) 40
Depth of cut (mm) 0.1

100 o= '. . .‘.‘.— ------
S
2
3 90f .
@
o
o
=
s 80
i

70 0 ' 10 ' 20

hBN content (vol%)

Fig. 3. Effect of hBN content on the relative density of hot-
pressed AIN-hBN ceramic composites.
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Fig. 4. Effect of hBN contents on the flexural strength and
Young's modulus of AIN-hBN ceramics.
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Fig. 5. Effects of hBN contents on the Vickers hardness and
fracture toughness of AIN-BN ceramics.
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Fig. 6. SEM micrographs of fracture surface in AIN-hBN
ceramics as a function of hBN content ; (a) 0 vol%, (b)
10 vol%, (c) 15 vol%, and (d) 20 vol%.
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Fig. 7. XRD patterns of the composites with different hBN
contents; (a) 0 vol%, (b) 10 vol%, (c) 15 vol%, and (d)
20 vol%.
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Fig. 8. Crack propagation behavior during cutting process.
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Fig. 9. Measured cutting resistance of AIN-hBN ceramics as a
function of feed rate(30, and 60 mm/min).
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Fig. 10. SEM photographs after end-milling(feed rate: 60 mm/min) for ceramics with different hBN content; (a) machined surface
morphology (low magnification, x 50), (b) machined surface morphology (high magnification, x 500), and (c) end edge.

A 454 A 13(2008)



80 WA - 2 - 2US
um Length=4mm Pt =149 um Scale=30um
1 1 ] 1 1 i L i ] 1 1 1 1 1 I 1 1 ] 1 1 1
104 -
51, ol g E
51 ’H\h M
3 L) W
403 .
453 E
L} T T L T 1] 1 1] L] 1 T L} 1 L) L} T 1) L ¥ T >
0 02 04 086 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38mm
{(a) 10 vol% : (Ra=1.33 um, Rt=10.04 um)
um Length=4nm Pt=16.3um Scale=30um
I 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 I 1 I i i
10
5 :
AR PR 75 VM T
] Y T T ¥ 3
3 AL <
S
10
-15 : 1 L} L) 1 L} T T L} T L} L) L L} ¥ T L 1 L L} T -
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38mm
(b) 15 vol% : (Ra=1.18 um, Rt=8.98 um)
um Length=4 mm Pt =186 um Scae=30um
| 1 ) 1 i L L I 1 1 1 i 3 i i i 1 ] i 1
10
NI
. VAMAy W%@
40 ] W
15 : T T T T T T T T T T T T T T T Y T T T T
0O 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38mm

(c) 20 vol% : (Ra=1.12 um, Rt=7.99 um)

Fig. 11. Changes of surface roughness with hBN content. Surface roughness was measured after cutting test under the feed rate of 60
mm/min(Ra; surface roughness, Rt; maximum peak-to-valley).
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